Introduction {#s1}
============

Amyloidosis is a disorder caused by insoluble misfolded autologous protein and its extracellular deposition, which result in organ dysfunction \[[@C1]\]. Different amyloid types can show different clinical presentations depending on organ involvement and deposition pattern \[[@C2]\]. Although there are 36 known extracellular fibril proteins in humans \[[@C2]\], the fibril proteins that are most commonly encountered include immunoglobulin light-chain (AL), serum amyloid A (AA), and transthyretin (ATTR). In over 7000 consecutive patients reviewed at the UK National Amyloidosis Centre, 60% had AL amyloidosis, 10% had AA amyloidosis, 10% had hereditary ATTR amyloidosis, 8% had wild-type ATTR amyloidosis, 10% had localised amyloidosis, and only 0.5% had other types \[[@C3]\]. AL amyloidosis can occur as a localised or systemic variant. ATTR amyloidosis occurs as a hereditary form caused by a point mutation in the *TTR* gene (ATTRm) or as a wild-type variant (ATTRwt). AA amyloidosis can result from chronic inflammatory disease and chronic infection \[[@C3]\].

Amyloidosis of the respiratory system may be localised or a part of systemic amyloidosis \[[@C4], [@C5]\]. It can appear in five different forms: nodular pulmonary amyloidosis, diffuse alveolar-septal amyloidosis, tracheobronchial amyloidosis, mediastinal lymph node amyloidosis, and pleural amyloidosis \[[@C6]--[@C16]\]. Because involvement of the respiratory system is relatively common but rarely symptomatic \[[@C6]\], many patients with pulmonary amyloidosis are diagnosed at autopsy \[[@C15]\]. In a nationwide survey of 741 Japanese patients with systemic AL amyloidosis, only 12 (1.6%) were diagnosed by lung biopsy \[[@C17]\]. Due to the many different amyloid proteins and forms, differential diagnoses are broad and difficult. Because of its rarity, we present our experience with amyloidosis of the respiratory system diagnosed *ante mortem* by pulmonologists at two Japanese cardiovascular and respiratory centres.

Methods {#s2}
=======

Patients {#s2a}
--------

We retrospectively reviewed the medical records of 16 patients with biopsy-proven amyloidosis of the respiratory system between 1999 and March 2018 at Saitama Cardiovascular and Respiratory Center, Saitama, Japan, or the Department of Respiratory Medicine, Kanagawa Cardiovascular and Respiratory Center, Yokohama, Japan. The first diagnosis of amyloidosis in each patient was made based on biopsy results of the respiratory system. Clinical characteristics and pulmonary function data were obtained at the diagnosis of amyloidosis.

Histology and immunohistochemistry {#s2b}
----------------------------------

All tissue specimens were fixed in formalin. Serial sections were stained with haematoxylin and eosin, Congo red, and immunohistochemical stains. Apple-green birefringence under polarised light in Congo red-stained sections is considered the gold standard for identifying a substance as amyloid. Major amyloid subtypes can be identified by immunohistochemistry. Antibodies are readily available for κ and λ light chains, serum amyloid A, ATTR (pre-albumin), apolipoprotein A-I, and anti-human β-2-microglobulin. Congo red and immunohistochemical staining were performed at the Amyloidosis Medical Practice Center, Kumamoto University Hospital, Kumamoto, Japan, or the Department of Medicine (Neurology and Rheumatology), Shinshu University School of Medicine, Japan (amyloidosis referral centre). All patients with ATTR amyloidosis underwent genetic testing of the *TTR* gene. If no mutations were found, these patients were diagnosed as having ATTRwt amyloidosis.

Definitions {#s2c}
-----------

Monoclonal gammopathy of undetermined significance (MGUS) was diagnosed if patients had a serum M-protein \<3 g·dL^−1^, bone marrow clonal plasma cells \<10%, absence of multiple myeloma (MM)-related end-organ damage (CRAB symptoms: hypercalcemia, renal insufficiency, anaemia, and bone lesions), and absence of Waldenström macroglobulinemia.

Localised amyloidosis of the respiratory system was defined as amyloid deposits confined to the respiratory system. Systemic amyloidosis was diagnosed when amyloid deposits were identified both within the respiratory system and outside the thorax. Bilateral carpal tunnel syndrome constituted carpal tunnel involvement \[[@C18]\].

Definitions of deposition patterns are as follows \[[@C4]--[@C6]\]. Diffuse alveolar-septal amyloidosis is characterised by the presence of amyloid deposits in the alveolar septa. Nodular pulmonary amyloidosis is defined as tumefactive amyloid deposits involving the lungs. Tracheobronchial amyloidosis is characterised by amyloid deposition in the tracheobronchial tree. Amyloidosis of the pleura and mediastinal lymph node amyloidosis are defined if thoracoscopic pleural biopsy, endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) from a mediastinal lymph node, or surgical mediastinal lymph node biopsy revealed amyloid, respectively.

Study design {#s2d}
------------

Clinical data were collected from medical records. Patients were followed through December 2018 or until death before December 2018. Survival status was determined from medical records and/or telephone interviews. Institutional review boards from The Saitama Cardiovascular and Respiratory Center (no. 2018028) and Kanagawa Cardiovascular and Respiratory Center (no. KCRC-17-0026) approved this study.

Results {#s3}
=======

Patient characteristics ([table 1](#TB1){ref-type="table"}) {#s3a}
-----------------------------------------------------------

The median age of the 16 patients studied was 71 years. Seven patients (43.8%) had nodular pulmonary amyloidosis, five (31.3%) had diffuse alveolar-septal amyloidosis, three (18.8%) had mediastinal lymph node amyloidosis, and one each (6.3%) had tracheobronchial amyloidosis and pleural amyloidosis. One patient had both alveolar-septal amyloidosis and mediastinal lymph node amyloidosis. AL amyloid of λ-light-chain origin (ALλ) was found in eight (53.3%) patients and that of κ-light-chain origin (ALκ) in five (33.3%) patients. The 10 patients with localised amyloidosis had a form of AL amyloidosis. On the other hand, a systemic form was found in the remaining six patients: ATTRwt in two (12.5%) patients, AA in one (6.3%) patient, and AL amyloidosis in three (18.8%) patients.

###### 

Demographics, localised or systemic variant, precursor protein, M-protein, free light-chain κ/λ ratio, and pulmonary function of 16 patients with amyloidosis of the respiratory system

  **No./sex/age**   **Systemic/localised (CT findings: single/multiple or DASA) or organ involvement**    **Precursor protein**   **M-protein/free light-chain κ/λ ratio (n: 0.25--1.80)**    **Clinical presentation**     **Smoking: pack-years**  **Comorbidities**                                      **FVC % pred**   **FEV~1~/FVC**
  ----------------- ------------------------------------------------------------------------------------ ----------------------- ---------------------------------------------------------- ------------------------------ ------------------------- ----------------------------------------------------- ---------------- ----------------
  **1/M/50**        L: Lung (single nodule)                                                                       AL-λ                                     (-)/NE                                    Asymptomatic                     15             None                                                        66%              86%
  **2/F/69**        L: Lung (single nodule)                                                                       AL-λ                                    IgG-λ/NE                                   Asymptomatic                    None            MGUS, DM                                                    137%             71%
  **3/M/57**        L: Lung (multiple nodules)                                                                    AL-λ                                     (-)/NE                                    Asymptomatic                     10             None                                                        113%             71%
  **4/M/74**        L: Lung (multiple nodules)                                                                    AL-κ                                    IgG-κ/NE                                   Asymptomatic                     10             Pulmonary MALT lymphoma, MGUS                               119%             69%
  **5/F/60**        L: Lung (multiple nodules)                                                                    AL-κ                                     (-)/NE                                    Asymptomatic                    None            Sjögren\'s syndrome                                         115%             79%
  **6/F/72**        L: Lung (multiple nodules)                                                                    AL-κ                                     NE/NE                                     Asymptomatic                    None            Sjögren\'s syndrome, RA, NSIP, bronchiolitis                72%              78%
  **7/M/71**        L: Lung (multiple nodules)                                                                    AL-λ                                     (-)/NE                              Diverticulitis of colon                49             None                                                        89%              62%
  **8/M/73**        L: Trachea-bronchus                                                                           AL-κ                                     (-)/NE                                Bronchoscopy at CHP                 None            CHP                                                         98%              76%
  **9/F/63**        L: Mediastinal lymph node                                                                     AL-λ                                   IgG-λ/5.73                                  Asymptomatic                    None            MGUS                                                        83%              75%
  **10/M/61**       L: Pleura                                                                                     AL-κ                                Bence Jones-κ/NE                        Dyspnoea, pleural effusion              60             MM, MM kidney, myeloma cell invasion to pleura               NE               NE
  **11/F/72**       S: Lung (DASA), mediastinal lymph node, pleura, heart                                         AL-λ                                    (-)/0.15                                     Dyspnoea                      None            None                                                        73%              85%
  **12/F/71**       S: Lung (DASA), kidney, heart, rectum                                                         AL-λ                            IgG-λ, Bence Jones-λ/NE                    Haemosputum, cough, dyspnoea            None            MM, cerebral infarction                                     74%              80%
  **13/F/62**       S: Lung (DASA), kidney, heart                                                                  AA                                      (-)/NE                               Fever, dyspnoea of PCP               None            RA、PCP                                                      NE               NE
  **14/M/79**       S: Lung (DASA), heart, carpal tunnel                                                         ATTRwt                                   IgG-κ/NE                                   Haemosputum                      35             ATTRwt, MGUS, AF, pacemaker, carpal tunnel syndrome         85%              72%
  **15/F/84**       S: Lung (DASA), heart                                                                        ATTRwt                                   (-)/0.94                                   Asymptomatic                    None            Lung cancer                                                 55%              73%
  **16/M/75**       S: Mediastinal lymph node, kidney, heart, rectum                                              AL-λ                           IgM-λ, Bence Jones-λ/0.05                             Dyspnoea                       50             Waldenström macroglobulinemia, DM                           106%             75%

CT: computed tomography; DASA: diffuse alveolar-septal amyloidosis; FVC: forced vital capacity; FEV~1~: forced expiratory volume in 1 s/FVC ratio; L: localised; S: systemic; AL: immunoglobulin-derived light-chain; NE: not examined; MGUS: monoclonal gammopathy of undetermined significance; DM: diabetes mellitus; MALT: mucosa-associated lymphoid tissue; RA: rheumatoid arthritis; NSIP: nonspecific interstitial pneumonia; CHP: chronic hypersensitivity pneumonitis; MM: multiple myeloma; PCP: pneumocystis pneumonia; ATTRwt: wild-type transthyretin amyloidosis; AF: atrial fibrillation.

Information on monoclonal (M)-protein was available from 15 patients. Of the 10 patients with local AL amyloidosis, 4 (30%) had M-protein. Of the three patients with systemic AL amyloidosis, two (30%) had M-protein, and the other patient had an abnormal serum-free light-chain κ/λ ratio of 0.15. The patient with AA amyloidosis had no M-protein, but one of the two patients with ATTRwt amyloidosis did have M-protein. Additional information obtained about the M-protein type showed three patients with an IgGλ M-protein, two with an IgGκ M-protein, one with an IgMλ M-protein, one with a Bence Jones κ-type M-protein, and one with a Bence Jones λ-type M-protein. In all six of the patients with AL amyloidosis with M-protein, the M-protein light-chain matched the amyloid light-chain origin.

Clinical presentations ([table 1](#TB1){ref-type="table"}) {#s3b}
----------------------------------------------------------

Of the seven patients with nodular pulmonary amyloidosis, six were asymptomatic. Exploration of the five patients with pulmonary alveolar-septal amyloidosis showed two patients with diffuse alveolar haemorrhage, one with pneumocystis pneumonia (PCP), one with dyspnoea, and one with an asymptomatic coin lesion of lung cancer. Clinically, amyloidosis was not considered in the differential diagnoses of ATTRwt amyloidosis patient no. 14 with diffuse alveolar haemorrhage (DAH), ATTRwt amyloidosis patient no. 15 with lung cancer, and AA amyloidosis patient no. 13 with PCP. Patient no. 9 with mediastinal lymph node amyloidosis was asymptomatic. Patient no. 8 with tracheobronchial amyloidosis was diagnosed as having an underlying chronic hypersensitivity pneumonitis at the bronchoscopy performed for bronchoalveolar lavage. Patient no. 10 with pleural amyloidosis had dyspnoea and pleural effusion.

Comorbidities ([table 1](#TB1){ref-type="table"}) {#s3c}
-------------------------------------------------

Of the seven patients with nodular pulmonary amyloidosis, two had Sjögren\'s syndrome, two had MGUS, and one had pulmonary extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue (MALT) lymphoma. Of the five patients with diffuse alveolar-septal amyloidosis, one with AL amyloidosis had MM, one with AA amyloidosis had rheumatoid arthritis (RA), and one with ATTRwt amyloidosis had atrial fibrillation, carpal tunnel syndrome, and MGUS. Among the three patients with mediastinal lymph node amyloidosis, one had Waldenström macroglobulinemia, one had MGUS, and one had no comorbidities.

Computed tomography findings ([table 2](#TB2){ref-type="table"}) {#s3d}
----------------------------------------------------------------

In the seven patients with nodular pulmonary amyloidosis, the majority had multiple nodules ranging in size from 10 to 30 mm (n=5 of 7) and the minority had a single nodule (n=2 of 7). Additionally, four of these patients had multiple cysts and two had calcifications ([figure 1](#F1){ref-type="fig"}, patient no. 6). Of the five patients with diffuse alveolar-septal amyloidosis, two patients with DAH had a haematological disorder (*i.e.* MM and MGUS) ([figure 2](#F2){ref-type="fig"}, patient no. 14), and one patient with PCP had RA. These patients had computed tomography (CT) findings consistent with these underlying disorders (DAH, PCP), and after these disorders improved, all associated CT findings disappeared. Patient no. 15 with diffuse alveolar-septal amyloidosis and lung cancer only had CT findings consistent with lung cancer without apparent parenchymal change. Patient no. 9 with mediastinal lymph node amyloidosis had mediastinal and hilar lymphadenopathy with calcification ([figure 1](#F1){ref-type="fig"}, patient no. 9). Patient no. 11 with both alveolar-septal amyloidosis and mediastinal lymph node amyloidosis showed bilateral pleural effusion, mediastinal lymphadenopathy, and interlobular septal thickening ([figure 1](#F1){ref-type="fig"}, patient no. 11). CT findings showed bilateral pleural effusion and pleural thickening in patient no. 10 with pleural amyloidosis ([figure 3](#F3){ref-type="fig"}). Tracheobronchial thickening in the patient with tracheobronchial amyloidosis, the histological findings of which were consistent with underlying chronic hypersensitivity pneumonitis (*i.e.* predominantly airway-centred inflammation with diffuse fibrotic change with poorly formed non-necrotising granulomas), showed multifocal submucosal plaques revealed by bronchoscopy ([figure 1](#F1){ref-type="fig"}, patient no. 8).

###### 

CT findings, diagnostic procedures, therapy, complications, and survival of 16 patients with amyloidosis of the respiratory system

  **No.**   **CT findings (maximum diameter)**                                                       **Diagnostic procedure**           **Therapy**                               **Complications during follow-up**                                             **Survival**
  --------- --------------------------------------------------------------------------------------- -------------------------- ------------------------------ --------------------------------------------------------------------------- ----------------------------------------------------------
  **1**     Single nodule (12 mm)                                                                            VATS-LB                        None                           Multiple nodules, multiple cysts (17 years later)                                   Alive: 17 years
  **2**     Single nodule (30 mm)                                                                            VATS-LB            None, surgery: MALT lymphoma                        MALT lymphoma (10 years later)                                             Alive: 16 years
  **3**     Multiple nodules+multiple micronodules \>10 (30 mm), calcification, multiple cysts               VATS-LB            None, surgery: MALT Lymphoma   MALT lymphoma (5 and 10 years later), Sjögren\'s syndrome (4 years later)                       Alive: 20 years
  **4**     Multiple (4) nodules (20 mm)+multiple cysts, calcification                                       VATS-LB               Surgery: MALT lymphoma                                        None                                                          Alive: 10 years
  **5**     Multiple (2) nodules (18 mm)+multiple cysts                                                      VATS-LB                        None                                    Cysts increase (9 years later)                                             Alive: 11 years
  **6**     Multiple (3) nodules (15 mm)+multiple micronodules+multiple cysts, calcification                 VATS-LB                     RA therapy                                              None                                                    Died at 7 years of pneumonia
  **7**     Multiple (\>10) nodules (10 mm)+multiple micronodules                                            VATS-LB                        None                                                 None                                                Died at 5 years of pancreatic cancer
  **8**     Tracheobronchial thickening+CHP                                                            TBB, CHP *via* VATS                  None                                                 None                                                           Alive: 3 years
  **9**     Mediastinal and hilar lymphadenopathy, calcification                                            EBUS-TBNA                       None                                                 None                                                           Alive: 6 years
  **10**    Bilateral pleural effusion+pleural thickening                                              VATS pleural biopsy             Dexamethasone                                             None                                                        Died at 1 year of MM
  **11**    Bilateral pleural effusion+mediastinal lymphadenopathy+interlobular septal thickening     VATS-LB and VATS-MLNB             Prednisolone                                             None                                      Died at 1.8 years of cardiac and respiratory amyloidosis
  **12**    DAH                                                                                                TBLB                Melphalan+prednisolone                                        None                                                        Died at 1 year of MM
  **13**    PCP                                                                                                TBLB                      RA therapy                                              None                                            Died at 3 years of cardiac and renal failure
  **14**    DAH                                                                                                TBLB                         None                                Diffuse pulmonary haemorrhage (3 times)                               Died at 3 years of cardiac failure
  **15**    Lung cancer (single nodule)                                                                   VATS lobectomy                    None                                                 None                                                          Alive: 0.6 year
  **16**    Bilateral pleural effusion+mediastinal lymphadenopathy                                          EBUS-TBNA             Melphalan+dexamethasone                                        None                                           Died at 4 months of cardiac and renal failure

CT: computed tomography; VATS-LB: video-assisted thoracoscopic lung biopsy; MALT: mucosa-associated lymphoid tissue; RA: rheumatoid arthritis; CHP: chronic hypersensitivity pneumonitis; TBB: transbronchial biopsy; EBUS-TBNA: endobronchial ultrasound-guided transbronchial needle aspiration; DAH: diffuse alveolar haemorrhage; MM: multiple myeloma; PCP: pneumocystis pneumonia; VATS-MLNB: VATS mediastinal lymph node biopsy; TBLB: transbronchial lung biopsy.

![Axial high-resolution computed tomography (CT) images of the lung of patients a) no. 6 and b) no. 11, and c) mediastinal (patient no. 9) windows, and d) bronchoscopic appearance (patient no. 8). Patient no. 6 had nodular pulmonary amyloidosis and CT findings showing multiple nodules (red arrow) and multiple cysts. Patient No. 11 had pulmonary alveolar-septal amyloidosis and mediastinal amyloidosis, with CT findings showing bilateral pleural effusion and interlobular septal thickening. Patient no. 9 had mediastinal lymph node amyloidosis and CT findings showing mediastinal and hilar lymphadenopathy with calcification. Patient no. 8 had tracheobronchial amyloidosis and submucosal infiltration with multiple yellow amyloid deposits on the distal tracheal wall on bronchoscopy.](00313-2019.01){#F1}

![a) Axial high-resolution computed tomography image in the lung window and b--d) histologic findings of patient no. 14 with diffuse alveolar-septal amyloidosis presenting with diffuse alveolar haemorrhage. a) Patchy areas of ground-glass opacities and interlobular septal thickening present as a crazy-paving pattern. These opacities of diffuse alveolar haemorrhage disappeared within 2 weeks, after which a transbronchial lung biopsy was performed. b) Haematoxylin and eosin staining of a specimen from the transbronchial lung biopsy shows diffuse deposits of eosinophilic amorphous material in the alveolar-septal walls (blue arrow). c) Amorphous material was stained by Congo red stain (blue arrow). d) The precursor protein proved to be transthyretin by immunohistochemistry.](00313-2019.02){#F2}

![a) Axial high-resolution computed tomography image in the mediastinal window and b--d) histologic findings of patient No. 10 with pleural amyloidosis presenting with dyspnoea. a) Pleural effusion and focal pleural thickening (red arrows) are seen in the left thorax. b) A specimen from the video-assisted thoracoscopic pleural biopsy in the upper right panel shows Congo red-stained deposits of amorphous material of an irregular oval shape (blue arrow). d) The right lower panel shows apple-green birefringence under polarised light. c) Precursor protein proved to be of immunoglobulin κ-light-chain origin by immunohistochemistry (lower left panel). CR: Congo red stain; IgLCκ: immunoglobulin κ-light-chain; PL: polarised light.](00313-2019.03){#F3}

Diagnostic procedures ([table 2](#TB2){ref-type="table"}) {#s3e}
---------------------------------------------------------

All seven patients with nodular pulmonary amyloidosis were diagnosed by video-assisted thoracoscopic lung biopsy (VATS-LB). Of the five patients with diffuse alveolar-septal amyloidosis, three were diagnosed by transbronchial lung biopsy (TBLB), one patient was diagnosed by the pathological findings of VATS lobectomy for lung cancer, and the other patients with concomitant mediastinal lymph node amyloidosis were diagnosed by VATS-LB and VATS mediastinal lymph node biopsy. Two other patients with mediastinal lymph node amyloidosis were diagnosed by EBUS-TBNA. One patient with pleural amyloidosis was diagnosed by VATS pleural biopsy.

Therapy ([table 2](#TB2){ref-type="table"}) {#s3f}
-------------------------------------------

Two patients with MM and one patient with Waldenström macroglobulinemia were treated targeting these underlying disorders. One patient with diffuse alveolar-septal amyloidosis received prednisolone with no effect. Two patients with RA were treated targeting the RA. Pulmonary MALT lymphoma was resected surgically in three patients.

Complications during the follow-up period {#s3g}
-----------------------------------------

Of the seven patients with nodular pulmonary amyloidosis, two patients developed pulmonary MALT lymphoma, one patient developed Sjögren\'s syndrome, one patient with a single nodule at diagnosis developed multiple nodules and multiple cysts 17 years later, and in one patient with multiple nodules and multiple cysts, the diameters of the multiple cysts increased. One patient with ATTRwt amyloidosis who initially presented with DAH suffered recurrence of DAH three times.

Survival data ([table 2](#TB2){ref-type="table"}) {#s3h}
-------------------------------------------------

The median follow-up period was 5 years (range 0.3--20 years). Of the seven patients with nodular pulmonary amyloidosis, five were alive at 10 to 20 years, and the other two patients died of pneumonia or pancreatic cancer, respectively. Other than one patient with only a half-year follow-up period, the other four patients with diffuse alveolar-septal amyloidosis died of amyloidosis or MM within 3 years. Patient no. 9 with local mediastinal lymph node amyloidosis was alive at 6 years, but patient no. 15 with mediastinal lymph node amyloidosis and Waldenström macroglobulinemia died of renal and cardiac amyloidosis at 4 years. The patient with pleural amyloidosis and MM died of MM at 1 year, and the patient with tracheobronchial amyloidosis was alive at 3 years.

Discussion {#s4}
==========

We investigated patients with amyloidosis of the respiratory system to assess their clinical and radiological features, focusing especially on the deposition patterns, underlying precursor protein, and localised or systemic form. Of the five deposition patterns, nodular pulmonary amyloidosis is associated with the localised form, AL amyloidosis, MALT lymphoma, and Sjögren\'s syndrome and has an excellent prognosis. Three of the five patients with diffuse alveolar-septal amyloidosis were diagnosed by TBLB performed to investigate DAH or PCP, and four patients died within 3 years. Three of these five patients had no parenchymal shadow on chest CT after underlying DAH or PCP improved, and similarly, one patient with lung cancer had no CT findings of diffuse alveolar-septal amyloidosis. EBUS-TBNA was also a useful method of diagnosing mediastinal lymph node amyloidosis.

The differential diagnoses of nodular pulmonary amyloidosis based on CT imaging should include lung cancer, lung metastasis, tuberculoma, and cryptococcosis \[[@C6], [@C8], [@C13]\]. Therefore, histological examination must be performed to distinguish among these disorders as much as possible. In addition, many experts now believe that most cases of nodular pulmonary amyloidosis result from an underlying lymphoproliferative disorder in the spectrum of MALT lymphoma \[[@C19], [@C20]\]. One of our seven patients with nodular pulmonary amyloidosis had MALT lymphoma at diagnosis, and two developed MALT lymphoma during the follow-up period. Sjögren\'s syndrome is associated with pulmonary amyloidosis and lymphoproliferative disorders and manifests with multiple pulmonary cysts and multiple nodules \[[@C21]--[@C23]\]. Of our seven patients with AL localised amyloidosis, three had Sjögren\'s syndrome at diagnosis (n=2) or during follow-up (n=1). All had multiple pulmonary cysts and multiple nodules.

Diffuse alveolar-septal amyloidosis is usually associated with systemic amyloidosis \[[@C5], [@C6]\]. All five of our patients with diffuse alveolar-septal amyloidosis had systemic amyloidosis. MGUS is reported to be present not only with systemic AL amyloidosis but also with ATTRwt amyloidosis \[[@C24]\]. One of our two patients with ATTRwt amyloidosis had MGUS.

Because pulmonary impairment rarely dominates the clinical picture, diffuse alveolar-septal amyloidosis is diagnosed as a *post mortem* finding. In a report of 76 patients with pulmonary amyloidosis \[[@C15]\], pulmonary vascular involvement was present in 74, alveolar-septal amyloidosis in 59, and tracheobronchial involvement in 22 patients. Among all patients with pulmonary amyloidosis in this study, only one (1%) patient, who manifested bilateral pulmonary nodules and masses, was diagnosed *ante mortem*; bronchoscopic biopsy revealed AL amyloidosis. Thus, it was not clinically suspected in most of the patients with alveolar-septal amyloidosis. Moreover, there are several case reports of pulmonary alveolar-septal amyloidosis causing DAH \[[@C25], [@C26]\]. In the present study, two patients with DAH each had MGUS and MM. DAH itself can be caused by a haematological disorder \[[@C26]\]. In clinical practice, we may have a negative attitude about performing TBLB in these patients, which may lead to difficulty in diagnosing diffuse alveolar-septal amyloidosis. In one patient with PCP combined with alveolar-septal amyloidosis, the latter was accidentally diagnosed by TBLB at the time of PCP diagnosis. Taken together, alveolar-septal amyloidosis was diagnosed by TBLB in three of our patients whose clinical presentation was DAH or PCP. TBLB is reported to be a useful and safe method for diagnosing amyloid lung disease \[[@C27]\].

Diffuse alveolar-septal amyloidosis is treated according to the underlying systemic amyloidosis. In AL amyloidosis, reducing the concentration of the circulating free light-chain translates in improvement of organ dysfunction and prolonged survival \[[@C28]\]. Systemic ATTRm amyloidosis is now treated with liver transplantation or the emerging TTR-modifying drug tafamidis \[[@C29]\].

Tracheobronchial amyloidosis is a localised type of AL amyloidosis whose management is largely dependent upon symptoms \[[@C30]--[@C34]\]. Pulmonary function testing showed that our patient with this condition had normal airflows, and no deterioration was observed during a 3-year follow-up with no specific therapy. Pleural effusion is common in systemic amyloidosis \[[@C35]--[@C38]\]. Pleural amyloidosis was diagnosed in one of our patients with MM. Hilar and mediastinal lymph node enlargement is common in primary amyloidosis but not in localised amyloidosis \[[@C4], [@C16]\]. Mediastinal lymph node amyloidosis, which was diagnosed by EBUS-TBNA in two of our patients, was localised amyloidosis in one patient and systemic AL amyloidosis in the other two patients. There are several case reports of mediastinal lymph node amyloidosis diagnosed by EBUS-TBNA \[[@C39], [@C40]\]. Mediastinal lymphadenopathy is often associated with parenchymal lung disorder. In the present study, the possibility of complications of pulmonary amyloidosis could not be ruled out in the two patients with mediastinal lymph node amyloid deposition because they did not undergo lung biopsy.

The primary limitation of this study is its retrospective nature and limited number of patients. As amyloidosis of the respiratory system diagnosed *ante mortem* is very rare, we accumulated patients at two Japanese hospitals familiar with rare respiratory diseases. Thus, this report contains a relatively large number of patients. Second, although the proteomic method of mass spectrometric analysis of amyloidotic material has become the new gold standard for fibril typing, in our study, fibril typing was done by immunohistochemistry, which was the only method available for fibril typing during the study period.

In conclusion, not only nodular pulmonary amyloidosis, diffuse alveolar-septal amyloidosis, and tracheobronchial amyloidosis but also mediastinal lymph node amyloidosis and pleural amyloidosis should be considered in the differential diagnosis of amyloidosis of the respiratory system. Useful diagnostic methods include TBLB for diffuse alveolar-septal amyloidosis and EBUS-TBNA for mediastinal lymph node amyloidosis. Due to the rareness this condition, its many deposition patterns, underlying precursor proteins, and localised or systemic form, further accumulation of patients is necessary to better achieve a prompt diagnosis.

We sincerely thank Yoshiki Sekijima and Nagaaki Katoh of the Dept of Medicine (Neurology and Rheumatology), Shinshu University School of Medicine, Japan, and Yukio Ando and Taro Yamashita of the Amyloidosis Medical Practice Center, Kumamoto University Hospital, Kumamoto, Japan, for histological analysis and immunohistochemistry.

Conflict of interest: Masami Yamada has nothing to disclose.

Conflict of interest: Noboru Takayanagi has nothing to disclose.

Conflict of interest: Hideaki Yamakawa has nothing to disclose.

Conflict of interest: Takashi Ishiguro has nothing to disclose.

Conflict of interest: Tomohisa Baba has nothing to disclose.

Conflict of interest: Yoshihiko Shimizu has nothing to disclose.

Conflict of interest: Koji Okudela has nothing to disclose.

Conflict of interest: Tamiko Takemura has nothing to disclose.

Conflict of interest: Takashi Ogura has nothing to disclose.

Support statement: All work was performed at the Departments of Respiratory Medicine and Diagnostic Pathology, Saitama Cardiovascular and Respiratory Center and, the Department of Respiratory Medicine, Kanagawa Cardiovascular and Respiratory Center, and the Department of Pathobiology, Yokohama City University Graduate School of Medicine.
